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Topic Modeling Based on Variational Bayes Method
Vahid Heidari, Seyed Mahmoud Taheri”
And Seyed Morteza Amini

Abstract

The Latent Dirichlet Allocation (LDA) model is a generative model with several applications in natural
language processing, text mining, dimension reduction, and bioinformatics. It is a powerful technique in
topic modeling in text mining, which is a data mining method to categorize documents by their topics.

Basic methods for topic modeling, including TF-IDF, unigram, and mixture of unigrams
successfully deployed in modern search engines. Although these methods have some useful benefits, they
do not provide much summarization and reduction. To overcome these shortcomings, the latent
semantic analysis (LSA) has been proposed, which uses singular value decomposition (SVD) of word-
document matrix to compress big collection of text corpora. User’s search key words can be queried by
making a pseudo-document vector. The next improvement step in topic modeling was probabilistic
latent semantic analysis (PLSA), which has a close relation to LSA and matrix decomposition with SVD.
By introducing the concept of exchangeability for the words in documents, the topic modeling has been
proceeded beyond PLSA and leads to LDA model.

We consider a corpus D = (Wj, -+, Wy) contains M documents, each document Wy = (wy, -+, wy)
has N words, and each word is an indicator from one of {1,2,---,V} vocabularies. We defined a
generative model for generation of each document as follows. For each document draw its topic @ from
Dir(a) and repeatedly for each n = 1, ..., N draw topic of each word z, from Mult(0) and draw each
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word from the probability matrix of ¢ with probability of P(w,|z,, ¢). We can repeat this procedure to
generate whole documents of corpus. We want to find corpus related parameters a and ¢ as well as
latent variables Z and 0 for each document. Unfortunately, the posterior P(W|a, ¢) is intractable, and
we have to choose an approximation scheme.

In this paper, we utilize LDA for collection of discrete text corpora. We describe procedures for
inference and parameter estimation. Since computing posterior distribution of hidden variables given a
document is intractable to compute in general, we use approximate inference algorithm called
variational Bayes method. The basic idea of variational Bayes is to consider a family of adjustable lower
bound on the posterior and find the tightest possible one. To estimate the optimal hyper-parameters in
the model, we use the empirical Bayes method, as well as a specialized Expectation-Maximization (EM)
algorithm called the variational-EM algorithm. Also, we propose a new perspective of this problem with
Iterative-Variational-Bayes (IVB) method.

We report the results of document modeling, text classification, and collaborative filtering. The
topic modeling of LDA and PLSA models are compared on a Persian news data set. It is observed that
LDA has perplexity between 9.1e2 and 1.67e3, while the PLSA has perplexity between 9.16e4 and
2.27e5, which shows domination of LDA over PLSA.

We apply the LDA model in dimension reduction for a document classification problem, along
with the support vector machines (SVM) classification method. Two competitor models are compared,
first trained on a low-dimensional representation provided by LDA and the second trained on all
documents of corpus, with accuracies 94.3% and 97.61%, respectively, this means we lose accuracy
but it remains in reasonable range when LDA model is used for dimensionality reduction.

Finally, we use the LDA and PLSA methods along with the collaborative filtering for MovieLens
1m data set. We observed that the predictive-perplexity of LDA changes from 2.9e5 to 1.05e5 while it
changes from 8.90e7 to 2.37e8 for PLSA, again showing the domination of the LDA method.

Keywords: Variational Bayes method, Latent Dirichlet allocation, Expectation-Maximization
algorithm, Machine learning, Natural language processing

Toles plixe Jelos g, OMSLts ol Jo sl doddo —)
Gy 5l 4 eud L) cledbl il el (LSA)

S 03950l a5 Jlizs ke sools YL O o)
oolil 3y Slaitns gl (SVD) 0o oia ’

. ools sleelly (o)l 5 syl elaizl slaasis
Gilwos 281, S5 slaarls S ooy (e 4 g WS o0 55 6 LS395 alabs, el canlodd 0,58
S5 L adsl gl Glgiee hey cnl o S e
—ad lop sl bog 35 o i eadayian Jalge (o
AL 55 1,211y 508 ologagun s coiios

Ol el Jelos o8 11 cgamy 5 )5 p
Uie aw 0 bopinds a5 cwl (PLSA) 7 sYls|
a5 asesls plas oyl o 5 ws zke [N OF Y]
b eyl slal 2als g LSA L (Soop bls,l PLSA
ilossll Yo pdJols psede B Loyl SVD
Ol s g5l 4 g <8 SIBPLSA jl Clegdgs
ool el aad alie ool o a8 (V] s alSG o
oS oolaul QT 3y By

Gilossl sl edile 6250k lagtsy e o
2 kel @Uly Jdo 4 YLl gl 4 wlegdge
9 Suaiwd (g 5luaodS ¢ bl aile (g9lS (e A

ot 6l Ll 5l et B caslmosls (ys,0 slagS!
|y 655 el ;500 elgil b 0,5 oolaiwl sass| slaosls
acgazmo ¢ pile (6,5 0k Lol plodil ol Lal b cow
Sy slp Slaal pl 4 oliws slp 1) plaghs,
IVE] oS o ool 8
s s 5 e e 51 S

Sl els Olegoge (g5l ol TOlegsge
L O Gouddss g sido dnd boosly 5l slayls 5
Slegoge  (oilweSl A jo Sledbl oLk o
slogty, el Jol g pSpin slacdin
L ap - el 5,5, TR-IDFT wiile (sle
GHrnl adin seer Slaygise 3 Codee
Wl egiite sblne ax 51 Ll csloasass 5 1Sa
sl Lo 5 oS o wals aS olayl LalS o5
V] s o5 @8l g0l

LN culons axg w3l slale ,o csonaiss
3509, b (YLl slag, 5l a8 alapi, oSl (&b

4 Latent semantic analysis

% Singular value decomposition ! Topic modeling
® Probability LSA 2 Term frequency-inverse document frequency
" Exchangeability % Unigram

0F 2l ¥ 5, Py Jl


http://dx.doi.org/10.61186/jsdp.20.2.39
http://jsdp.rcisp.ac.ir/article-1-1228-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-11-17 ]

[ DOI: 10.61186/jsdp.20.2.39]

Sl su obe) Qb j Dlegidgo 6 LwgSl

2 ke slage, Jlod ele e o Dlegdge
skl IS ez g gnaied Glle S waige
Slodelos (rwge g (Foo DMl (Bilon 5 2bjL
5 (S 5 2l leosls Jolod (pulw pole
oIl sl )5 51 DNoloy o1y o2 e985 (i
O Ol 3P Shgedloiun; > LDA - alis
Ivol o5 531, (S sladiges 5l Cumex izl

slogSw ongar (sloizl laaslh b L
S St die 5o lagiagh hog siile "Dy,
MF-LDA i (oly cuslazd,S (glojh S5 agac
5 o5 Jis Ty grexr OMled )0 6 pSge Wlgiioe
Sy Glaosl ;5 1) p350 pges axgis;se Els Dlegdge
oSl vl olls s [a] oS ey ek
3 ] St slo Sacog g [Nl 9050 —0atnss
LM, jo ohXaegn adle 9,50 sloaie; o

el ok len 5o eadelnl slagiagy sl
Sl Vsl o8 5l as o8 S8 [f] Gl e
il dox g pleol @) sl (s pelS 0eld S
S e oslil ) 4y S glaalS i L
2 Srebbl ganades b el S gl (ioes
2 b gl dol als s wnlf g g5 sl sl
2 s Y] ssleanas - ool ael o oS &L
e o OBl A 5 S sl A
D ol Sl colua! b glsl @ly cimg0 9
@ Ol s 35 LDA solaiul o)lge 510 pb olg5 oo |,
E5250 5 OB3ls (ol Jeloi 8)Ly0 a5 5,5 o)L [#]
[¥] o comizmen wanloads plol cw)lb oS ladl
iz I &5 ) IS5y 51 lospleed sl 255
RGO PR ) PRI P

ol gz 4 ol dlis Lol Al

Sy e Ol parass Vo ise s
ol S Glagasls o5l 4 ¥ iy oS 0
Silwtinitan =2k amel 0308l g (Sl 5 )
S 8598, o oS B idu 0 Sl p o (Sl
oaaslyl g, 51 0 Sy j e geesls Zib Sl
At 005 iz )0 (Mg (e slaosls Julow sl
S5 amis g Sou P (A5 50 Gkl 5o S os ool
lolungn Coond o oty hoadi g8 09000 &)

] 00 00)5T

ooliinl pleicin;s st sloo,Sas; b imples
A | Saiely 45 ai) oo ol 4 el S
Fomdle 650l 5l (Blase iz > sln gy 0l
Ivs] 09 oo ool oo ,i5 sl i,
O ol b oS i slagsy, 5l S
55 P (b 5 ) el (slagi S
Ol Uhgy ol sleop) 5 5l el TSl s
(SER Spneas > Jelse Jelod bl als
anls o S lis g ooldlyes slaools oz oYL
53 o slaghsy mizen Y8 0p ol 1) Llayt
S Gyl paiged g Tl Cige BgSile pmd wiile
sbropled slogis a5k a5 wpd eslatul wlsi oo
0095 8)ly0 O (g @55 OSSE sln el
@rsiloosle (g oo LDA) TalSG ps ey parass
S 4 i Cepu b glo paises B oosls plodl
Gz iy a5 ool wazgl faisu 58 1S (b, ey
Oylead)S ki b atll Gl zede Swin
3 ptisas 5 WS e Bi S LS5l L 1, o asls
St Sl Ol lapite sln ool oS
2595 <55 Gl b Olee |y 4% ,9,8 55
2 I adl s wim 58 Sl e slagts,
Slegoge Gilwssll o @l slagts, ) -JSE)

Cloals ools ioles

[U‘p;‘&: gl 5 rﬁ-&ﬂ]*—
| PLSAJLSA |

Olegdge g3lweRl o guly oy, () - Jb)
(Figure-1): Common methods in topic modeling

bl 2 ol sbagiagy 23 gl o

G50l A 4o ofgdy Cawlonds plil LDA 5 S5,
Sl Slapi sl (sgllie 5 glSesls il
Gt gleane; o 9 Wl Ny, l st
@S olgi o LDA Glao )5 51 Lcaloasass S 1Sy

¢ Microblog

OF 2l ¥ 5Ll 1F-Y Jlo

! Intractable

2 Variational Bayes

3 Markov chain Monte Carlo
4 Latent Dirichlet Allocation
5 Collapsed


http://dx.doi.org/10.61186/jsdp.20.2.39
http://jsdp.rcisp.ac.ir/article-1-1228-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-11-17 ]

[ DOI: 10.61186/jsdp.20.2.39]

e planil |y 15 el Wy 831sN (gl Y

S QLI Zy ~ MULE(B) j ggdge Sy ¥
Gl P(WylZp, @) Jlosol g 5o 31 03ly S

S o @9 Dir(ay, -, ag) g w08 cnl yo
238 L 0=(0g,,0K) Bolay Jloyn o)l sb
TSalw(K— 1) 55, 6 polie wlgs oo sonrK &S 5o
@l 18 Solw(K—1) 59,0 sladse K Jlo,) 0,5
» Jlaxl J&s s ‘(zgglej =1,6=0 Sl
o
P(6la) = o) ﬁe.‘""_l, o)
H;(=1 NCY) i=1 :
9 ;>0 bbb gladse K oy S a ol jo a8
(V) JE b ap =35, 05 5 ol LS &b T(x)
ol Glalozaiz @9 Gl edie St P S
oS 1y Jlozsl ol i ysSI ol saiadl ) g bl
L oadload ()l aises phk godge 5l pbn 33
i, 5 a5 aeb plas oz, ~ Mult(e)
Vol pbno 83ly asinl Jlasl g P(zy = K[6) = 6y,
5 adboads Qbsl phK gg040 5l aS ol 4y il
Wgd oo el P(Wy = |z, =K §) = Pyy,alai
plg Jlozo! plgce § 5 @ loasli usls b
5 Z g3o9e N desazme (55, 8 Olegoge dise
by py O)gods |, Wakinws 8519 N asgazs

N
PO, Wla, ) = POI) | | Pal0) Pwilzn, ).

n=1
&9 wPlEee L3y aex 50 s, x5S L

N
x (1_[ P(2,18)P(Wi |2, ¢)) de. o

Ol ST glasl cVleis] o b oploxl
w.t)ﬁiwééb ‘) (D) alw! BJS.U JS JLQ.O‘ f“""‘?’g_';"

P(Dla, ) = ﬁf > P(0la)
Ny d=1"977Z

X l:)(Zdn |ed)P(de|Zdnr q)) de.
n=1 (YJ)

2 Simplex

AlSS 510 (yledy e (58I -

55 4 EM o2, L oSl gla aslis o510 j5laron,

Lyb a ol slomita 5 sl ol Jlto!

& bosnlin slapsl Jloinl 4 55 5 5501 slaasls

s o V] o mls 5l oS slagasls bys

el Jlast 9o ol 5o glcmsas gl Wae SVl

5o Db se &L (LDA) alSs o Gl anass oSl

oS a7y |y V] 50 saasl )| ISal, aslsl
Dol oo oolaiwl aliss sloo IS o LDA (5551

o gl Bua b L et LDA aSLil) g

L badye 5 ol @ by Sl wasloas solaiul

oy |y oMl (nl il igdige i R

S (0

oddodnlie sboojly plad 3l diuid lacgame 4y @
D9l soaidS Kanlioslg> 0,5y ;o

aclosly Al 51 S g arweS (glools o3l S @
L degome 3l Slis SO Loa5 el
Golop b1y o3l o 0l o s {1,2,000,V}
aS ol Glop W=V By oo 0 ol SIS
oo il adlse plo g el V ply o] pbv ddlge
ddie a5 0gd o0 V Sy I[w = V] Slis o
Ao Sygoinlneys g Wil )l wossly ebv
g s

L oS cwl ols N5l ladlas oy S @
Ol 9 5 pepd e olis W= (W, Wy, -+, wy)
ool Alss 5l el 8515 Wy

L aS cool wee M5l Glals 5«6, S» ;0 @
S go 0ol las D = {W;, Wy, -+, Wy}

o bty sl e w303 LDA 5

o Zy o) 50 a5 @S ey o D oo,Sy o W sk
9 ..mbm\o k ).3‘).1 699'“"9"’ ‘ra"n 33‘5 ;‘ ‘oyb‘sa \
O sl s gl ee She Djspeinlnd )

il )zt ol

LDA o ail ) — s 65!

adgi N~ Poisson(q) asje5 3 bobas a Iy Ny
&iF 5 Bola a1y (04,0,0g) by ¥
S adgi (84, -+, Og) ~ Dir(ay, -, ag)

! Corpus

0F 2l ¥ 5, Py Jl


http://dx.doi.org/10.61186/jsdp.20.2.39
http://jsdp.rcisp.ac.ir/article-1-1228-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-11-17 ]

[ DOI: 10.61186/jsdp.20.2.39]

Sl su obe) Qb j Dlegidgo 6 LwgSl

5 V] col Weedos 5951 s PLSA (o3I
Syge ol 4 V0] 5o T Gl oS adg anlp
S P(dy) Jo! b owcass a5 cawloas olpainy
P(wjlzi) Jloxl b osly o ool 5l 5 Pl
aalol 0 Sy JolS ades b anlyd pl g 090 oo ol
pls Jloio o, wdsi anld & dzgi b S o Iy
D9 g0 Adg 1) D yee 4 (dj, W) saslis

K
= D P(wj|) Padd)

k=1 )
Jixl g3 dr s P(wlzy) = buew; o) > &
Gdi )L)).g 9 P(Zkldi) = Gdizk ‘k &9.@5.@ )é U@)‘B
Ol slapiio g bapasls oyl 6l EM o 68Ul
ewloads olpaioy PLSA 1, [10] 5

o by sl 0,91 o g bLociw! -Y
Zo> o Sl a5 OS¢l oo odlive (V) dlaly o
gl mies 5l 85 b e, L ISl
Ol Gilwding AT 0 WS e 13 eSS
50 G T Sascds bl b ol wuS e ol [V]
Slegoge iy sleyprie 63, Qb ;0 @
WJe3 B 0> b slaclsx 4 o, lp dol s
oy Y ol ale o8 slaghs, lgi s
2 0y a5 Cige BeS ke pzmiy g (Sl

2 oo i LDA slely s,ljw_:u 3 blacul sl

5 LDA 5,59, slaasli o5l —1-
&t bl 3 ,b
OO Glp Sl e Oy Gl sk
Sy T splpb 5l eslasl InP(D|a, d)
(o 9 loicanyd (o8 b ST 00 glcemsn,
iz S RlRb cl S8 a5l el ol (gileaiin
FEIXD) > £ jie b 2wl o oo
Sy ol ol albeslsils adly o (ELF(X)]
s slaiasls b oS wigd jodth,§ a0 aliue

odls glas (V) JSo 0 LDA 315 (ooXl
bt LDA a5 WS o asetie JK5 ol oeslos
5 diiwd Sliwl 8 Sy mhaw 0 b g a sl asls el
o o b slind 850 oi5le olaj 4o ssdise 3
s mhaw 5o B sle e Wsd s (50 paiges
g o (550 paiged Jb S alne ;o slilay g aiiun
5 Wed ofly gl ;0 Wan 9 Zan slepite plaxlw
L9l o0 ()10 pliged e Sy (59,9 83ly 2 sl

O C ot

2 Coupling
8 Jensen's inequality

OF 2l ¥ 5Ll 1F-Y Jlo

AN

AN
onle @—*@
M M

s S dus (O) LDA 18 Jae (7

LDA
Juw of yoras LDA (81,5 6951 :( Y= JSCi)
D] T sudostu

(Figure-2) Graphical model of LDA, and its
approximated model

£S5 g gilwoslss (pai> LDA 5631 6l [v] o
Cawlodds C}.‘a.o ).») CJ""" Le
Pr ol Jlaie 5 ol ipglan il Ao s gj95 olel @
o il S b oggoge oy 5l byl Jlusl @
93580 PP el s b bty G Sle
g 3550 b
&35 25l s e olol (28 Sy sl s @
WS ooy Q,,.sé\a O 1) Ao Jobo a5 ‘SILA.:}‘
Sl ysite 5l Sogee 4 N 92 2855 0y Olyise
e S W dlusly (29 0) ol Wge

D9 sodi8 S 0050l

Y] iy 2o Joloi (5651 -1-Y
(PLSA)

(LDA) alSs o olosy (amass 6581 dalsl o aSlosl|

aeglio PLSA) Vlozo! ety olime Julows 301 |

oS oo B yme oS 1) ()T 05 oo

t Ancillary variable


http://dx.doi.org/10.61186/jsdp.20.2.39
http://jsdp.rcisp.ac.ir/article-1-1228-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-11-17 ]

[ DOI: 10.61186/jsdp.20.2.39]

oty 50 0550, ,S5 o oSl S szl 4 g el
else s slagasls Sl ool b S
oS 35902 2 eiy08 0l Spge 1) ledy sle i

LDA 1, blacul (V) oi,65

a2 BT = 1/K 1y adgl jladon gK o gl

D20 3y = oy + N/K 1y adgl jloio K & gl Y
o plmil (ol S b 4 oy ooy BT
:le'nzl,a‘_;l).g ¥
:KU'kzl)a‘s‘ﬁ A
T = Piw, exp{P(vi)} #
&z o5 asS sudloy gyeb Iy TR lade Y
g ) o polio
N A
Y=o+ Z i+l
n=1

T oiysSIl 8y SIS V] o ol uis

iCewloads 7 ylae 5

Ale Jl> soget ey (B) 5 (F) Lulg, @
e g g Ao mig Gle)isn
e cow Slaalin ool ael byd 4 S s
et glaeranr a2l Gloigsn (Sl
P(zy|wp) & P(Wy[20)P(zp) &jge @ 5o duid
0,8 2ol ol sl b P(zy) ol jo a5 el
ewlodd 035 i Syt @395 S o]

Sl s by e o &y 0 St iy @
Sl L (1) dbal; yo (giludinge s |5 (sl W
Slotinge & ssboe ol W5 i
5P e 2D A 1) sl esls
O )yl B Jol> Sl
@ (Sl U pnn g5 0 Q(6, ZIy* (W), T (W)
S led oo ol o s lid Sl LW
S 2P 3 B Sled e
Ll P(6,ZIW, a, d)

S 855 (Y (W), (W) slaaslis (giluaie: ©
Ao e @iy e (Pl jsba il ats
3 s Sy el Djgoas Glgiee 1, YI(W)
sasmslas adly jo as olo lis gaog9e Solu
Iy Sl wite Sl Slegsse Jlixl @ e
M Sy &L olal malS Jlap pleea o
g o o3l

(Silwdinge wnld ool b wedoe aie
A b S Wl oo Sl gysb (Sl slogasls
S ) g @55 Sln ) e e OSeee

3 ebeolgls o Slay lp eole o, S
ol (S5 G- 5o St sl (ol slagls
Jio sl oS Bi (151 oo S 5 Lol aSs b
S S 5 s |, () S8 S 5%
W5z 8 G Jbodgzg bl 4 d 58 Sabcdx
s W oslee,S 5 bl ol B> Loyl edsxga
batools G ¢ Sk o] (glaasls oo Sailol
logsss 5 lodlsils o5 sgb e Jolbs (V) S
Ol () 3 wesoe Az ) Gl slepiie s,
@ Shes slagis ol Gledlgls (Syae b e
olag

M N
a(6,zD) = | [Q®alvo) | | Qaniman)
d=1 n=1

oS 4328 5 KD ]y pledew )0 ouilys oo
InP(D|a, d) =
KL[Q(8,Z|D) Il P(6,Z|D, a, d)]
+¢[Q(8,Z|D); o, B,
(KL) ' La¥-SsS Ll SIKLIQEIIPR)] (] s a5

Syge a9 Cwl PO 9 Q) slogyes o

5 osbes s KLQEIP()] = Eqq [In22

P()
o, sle ol oS G €[Q(6,ZID); o, B] o )le
5pesl, Gilea ol ileanin oS cwl anles
(omizred ol gleicaw)s al peiias (g jlwdiion
g 92led @, Gl OLS ileange b peroee ol
(St slarls Glp bl polie Gl

Slp sl co)® lseay QO,ZID) I oilg e
oS oolizl P(D, 8, Z|t, )
aige polie (Slpsd o ca,® Jleel 31w

Tk X P, €Xp{Eq[In 6y |y]} )
N
Y = o + Z Tk, )
n=1
il Sllezrair (sl (ool apel a5 Wsb e Jol>
bl
Eq[In 8y |y] = Y(yi) — ¥ (vo), *)

oo live wLoliu‘o el; ¥ U‘ B aS J}...JGA 4\...»...»[.790
oy S0 23S 4 Gl Glagetls 5l Sy e

! Kullback-Leibler divergence

0F 2l ¥ 5, Py Jl

A


http://dx.doi.org/10.61186/jsdp.20.2.39
http://jsdp.rcisp.ac.ir/article-1-1228-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-11-17 ]

[ DOI: 10.61186/jsdp.20.2.39]

7
3
3
kN
|
]
X
)
i

%

b Sl A5 b pdyosly o omed Gmle oS
vyl el

S ibw,lgon —V-Y
Sl (V- US) o eaisddlyl LDA g5
Q.QM‘YQstS;j,nUQL;&LaQT5C«M|Q‘)ﬁM
S dasie &S oB5ls olaxs yoe oLy Judo
lrosls jo s aiiie S& el Olastins glao Sy
3 S jo a5 conl losly Jols ol Jlaim! 4 93]
O 50 )l dgmy  Shjeel slaeols  Slaxiae
Jeizt Guayile o O3ly ol b bl yolie oxds
Slaitis glpy oo Jlisl doesd (0 g dilns 2o @
S ol &8 sl iy el g dnlone (s
ol QﬂdLu?Agf nﬁjtuﬂ}mﬁ
sl lools jo ax (B5ly pled 4 S jgo sl
5 Cude Jlizl S canibosis b abboads cvslive
pme ppbe glie (] 4 oS Wil Sas
ool b S sgdoe colinal WLY (5lu)lgen

(5ngfx$bi

lbazair a2l ;) Adons CSESe w9
a3 (go 4 | (S @398 (eSlee

LDA s ly V] o ooloriny oo,
Lol 09l oo odnline (FY) JSs 50 wads (g5lw,lgen
Lo KXV 8ol uyle 5 1, & Lasls
slaidze 51 (S Jolao ol Jhw 2 o) mpSe
5Pl iy 5l Jis (] Jlans 5o 5 (ol ais]
ples OS] 0ed (S)lopaised Ao s miE o
slas o Bolar jlop |y i g peds axwgr 1) blaul oy,
el a3 )T bools bys a4 A my
oSl 225 5er 9yl Sl e Fonla Sy
Sim pled 9,509, So 4 s mayse S (F) i o
ossys LDA gl

Al 1A [eoHo+0-8

B okl el e LDA Jus ()
of yodrdy oo g 3l ylgod LDA 31,5 o8I0 :(Y - i)
D] 0T (o 5 (B15 555!

(Figure- 3): Smoothed version of LDA, and its
approximated model [10]
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